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Abstract 



A transgenic nonhuman vertebrate being a model of osteopenia wherein an alien gene containing a 
DNA sequence encoding osteopontins has been integrated into the downstream of the DNA sequence 
of a cytomegalovirus enhancer and the DNA sequence of chick beta -actin promoter and the excessive 
expression of osteopontins thus induced depresses the activities of osteoblasts and osteoclasts, thus 
decreasing bone mass. The transgenic animal is usable in verifying the abilities of a medicine to activate 
osteoblasts, to induce the differentiation of osteoclasts and to further suppress the activity thereof. 
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(57) Abstract 

A transgenic nonhuman vertebrate being a model of osteopenia 
wherein an alien gene containing a DNA sequence encoding 
osteopontins has been integrated into the downstream of the DNA 
sequence of a cytomegalovirus enhancer and the DNA sequence of chick 
JJ-actin promoter and the excessive expression of osteopontins thus 
induced depresses the activities of osteoblasts and osteoclasts, thus 
decreasing bone mass. The transgenic animal is usable in verifying the 
abilities of a medicine to activate osteoblasts, to induce the 
differentiation of osteoclasts and to further suppress the activity thereof. 
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w m m 

W 9i 0 

10 » a ft a? 

3j©8l*Kfli^s JeAtt#e*ffi*«iitiD«iaiCtt-,Tl^5o 

*»©S»**BI^Sl=tt^+^-C**o SP*>> ft1fe©*»J|l«!EL<l|'<<5 

^©ic« N tfctt©^-fy©*tt**f r /nb4»*flei^^«ci*<a* u 

Ml:: J: *#©««£. **lC3l«tt < *#IMIC J: S#©J&jjfc© 2o© 
*§»::;*:£ <#tf*C £*<T#So C©2-P©M^£SiBBSa^^JF^©M^ 
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y £1&$3 (Transgenic aninals^fftfttfaH&ctt (Gordon 
5 J. and Ruddle F. , Science, 214, 1244—1246. 1981) 0 SP'MDfl.Sfc&it 

fl&$0P©it!&rt^&At-&gg&&Ai£(Gordon et al. . 1980K fcStMi 

?£K&&9P<fc <fc(;T*l£ (Gordon J et al., Proc Natl Acad Sci USA 77, 
10 7380—7384, 1980 : Jaenisch R et al. , Cell 32, 209—216. 1983) Q d 

15 - "5 LT^<9ii**i^^3fc^ite^«. Y3 >X-^-> (Transgene) £ 
25 fcU C©l^iA*a<JtSSS;ri*:£, N CcD®f!m/in vivoKtetfSiifc 
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m-V&Zx, zru*-?-\U DN A^iIi:mRN kh^Limm^m^-t 

10 ii#©^§iM3&<^frofc£^9$8^te^ft£-cK^< oM§ntt5»), 

^{wPalmiter R. D. and Brinster R. L. (Annu. Rev. Genet., vol.20, p. 
465—499: 1986) Gordon J. f. (In. Rev. of Cytobiol. , vol.115, p. 
171-229: 1989) L < jfi^&tiT^*,, Cft^Oh7>xy 

i-v *IMftrtiU 1 ) »£»«T©«W38£©«f*l/'</l/ (in vivo) 
15 T»©<ii#f, 2) ■ae«©J£K*feBe«l=|Sf|*tA:WK*©»»-et>.W.ffl* 

>5^v>x-^»^ftsnT^5, #SK©*r«fiJt»J*N lion 
^-y c»9 o%) <t L, ai*o*37-y>ftisi^oo 

20 #jl 0X**JdiLTi>a o coa^-yvKHLT, »»IS35-y> 
m&:?-<Di&m&miZ£Z KS h ~?J yfTV b (dominant 

negative knockout) K*.Q1tJ&l8tt&&&<Dmn&%i-t b.^yxi? *~ 
y ?T***<fHH3*l*:(Stacey A. et al. , Nature, vol.332, p. 131— 
136. 1988; Pereira R. et al. , J. Clin. Invest., vol.91, p. 709— 716. 

25 1993). MIC. *»IIffl^Xffl3 5-y>JifiK?*#A*nfc h^^^y 
^ - -y ? v ^ X-Ct>#©50Sfl:©Sg*fls 9 tt#&tiU*S*<Ba6 <9*VTl> 
5 (Vandenberg P. et al. . Proc. Natl. Acad. Sci. USA. vol.88, p. 764 
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0—7644, 1991: Jaceno 0. et al. . Nature, vol.365, p. 56—61. 1993) 0 

ti##^aJ©^^|^^(spondyloiiietaphyseal dysplasia) 'PWffiQk-WMM 
5&Se (metaphyseal chondrodysplasia) K&tbX&U LTl>5 C 

ri<ftl<=>*lT^.5 (Delnas P. D. et al. , Calcif. Tissue Int.. vol.36. 
15 p. 308-316. 1984) 0 % * 

t Ty&U-t^T (Termine J. D. et al. . J. 
Biol. Chem.. vol.256, p. 10403-10408. 1981). iJC##8e||g^^^ 

20 gaSCbone sialoprotein. BSP)£UT. 1986*£01dberg £ (Oldberg A. 
etal.. Proc. Natl. Acad. Sci. USA. vol.83, p. 8819-8823. 1986) 
KcfctK ^OcDNAi^0-;>7$nfc o *<D c DN ACD&gffi^iJ 
fr£*iS£$*l*CCDB S POT 5 /i^ie?ij©4iir{i % fflia^Bg^jT'** 
Arg-Gly-Asp (RGD) E^M^tf £*l*io C CD R G D W!M 
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3 5 o Denhardt&tex -7?X JB6 epidermal cellline C 

122 &3§2f ^ -T&STPA (12-0 tetradecanoylphorbol-13- 
acetate) T'toS-TS Z t \ZX *) mm% tifz 1 . 6Kb©mRNA© c DNA 
2ari^Lfc (Smith J. H. et al. , J. Cell 
5 Biochem. . vol.34, p. 13-22. 1987) Z a> c D N A©igg@£?iJ;£.ig 

tz 0 Butler £ & ? K 4 4 kDO'J >'<£S$&MI 

*«CiW-,fc (Prince C. W. et al., J. Biol. Chera. , vol.262. 
10 p.2900-2907. 1987 ) 0 fc^X, * X-r* > >{i##^C9 «>r Dfg 
M I (bone sialoprotein I ) „ 4 4 kD U >I6g (phosphoprotein) R 

fl& (osteoprogeni tor cell) , #^fflSSSD f #iSBIlS (Kark M. P. et al. , 
15 J. Histochem. Cytochem. . vol.35, p. 707—715. 1987) #ffi 
StU^Tf*. SIKx -*.-a>^ ftM&mn-BLZfftmm&teif (Hark H.P. 
et al. . Cell Tissues Res., vol.251, p. 23—30. 1988) 
<fc*<f8^<**tTl><5o T&IZ^ J—ifis-fu^ h (Northern blot) iS^in ' 
situ'W yi; y-f-tf- ^ 3 > ( in situ hybridization) &J::<J: 
!0 MCiftlZlMU B6« (Yoon K. et al. . Biochem. Biophys. Res. Commun. . 
vol.148, p. 1129—1136. 1987; Nomura S. et al. . J. Cell Biol., vol. 
106. p. 441—450. ISm %.Zfmmmit*mz LTl>ZMmi5i@<D¥-MW3 
(Ikeda T. et al. . J. Clin. Invest., vol. 92. p. 2814— 2820. 1993) 

WRftLTl** (Hark H.P. et al. . Differentiation, vol.37, p. 123— 
136. 1988). Wfc, R#tt<t»0«WTtt«t#-#»(T««?lk#ttte'o* 
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yit&EMtOtet Zmn&SfWmm (odontoblast) -p^figStu ®# 
(predentin) \zftffl.&t\2> 0 

<fc*>£*BBS|5I;££&©3-tK wmzuzm&o&zz t&mmz tints v 

10 (Somerman H. J. etal.. Matrix, vol.9, p. 49-54. 1989). d©*ffllS^ 

^#©5PcibJCfii|/j:^t6*Wr«Ci4>^^$tlTt,>5 (Stein G. S. 
etal.. FASEBJ., vol.4, p. 3111—3123. 1990) o tXf*#>f 
>^P^^W{Cfc^^-r^C i (Nomura S. et al. . J. Cell Biol., vol. 
06. p. 441-450. 1988), Rtf la. 25(0H) 2 vitamin D s% PTH ^CJ:, 
20 TmS&ZtlZZ t (Noda M. etal.. Proc. Natl. Acad. Sci. USA, vol. 
87. p. 9995— 9999. 1990: Noda M. et al. . J. Cell Biol., vol.108, 
P. 713— 718. 1989) fcif*^ Cti^tDSflSgKiJ: £#©mS¥!g3S&j;:fc 

* x # > ^ >&m&ms&<D t y * - 1 a o f§ * *rti& sg^ $ 

25 (Reinholt F. P. etal.. Proc. Natl. Acad. Sci. USA. , vol. 87, p. 4473 
—4475. 1990) :t^Sf5i s fgfijg (bone lining cells) ^ 
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#«B§as tfrnxtk-wmmm k * x r- * # > f- > <omm #e#> <=> nx i *tz <, > 

51 CD 

J*. 7-)^(0 llHlfiWB©W«tcan«ttAU c*^TCcD&A£*iy=&;£ % 
u * - * - cd 0J SIT 7?* X t- * * > * > £ #3F«H BS * £ I % 13 jRiHffl BgT 
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25 
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oi^ic. *&wo tWitoiu nvv^r*) yytztsv 

oTfctK StoT^^B^|i#©ij^^y >romife<Dmm<$Z in vivo 



20 
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CMttbl6«fcfti::&*ttDNAE*U mil. «*»*.DNA*#*-5' 

i l/Tttx : O h 5 >7 y x - 7 ^B^Xft# >f >(D in vivo 
15 K*fl*«ffffl»W. #M^©&Stg#©f^&tf#^l>&g?|j§cD in 
vivo 7? y-->r©fcJd>ICffllx*C£*<T**£<fcT** 0 
#*9J© >5 i'W>®i***7-*7fi^*f-^>S:±&\z&iSL'?Z 

c©^«-«i^-#-S^a6©4#SiJ/j:^Wfc«i:Cl t ffl«^s < »: Lttt^ 
25 12® ©©!£/,£ tfcBJJ 

Bill*, *W b^^n^-ryi'X^>'/N>'-y--©DNAfie?iJ&y f — 9 h y 
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15 
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So 

EI2I*. ^^-^i-^F^vfx (/SAOPN-20 2) ©§&#£ 
( A )fc J: am b 5 > x V * - », ^ t * ®§Mt ( B ) IZ H ^ 5 £fgifcEia©8g 

EI3l*> h 5 jl^- y ^Ttf* (0AOPN-2O2) <D±m& 

(A)fcJ;c;, ^h5>X-^ i ^.j;^-r^x©^jji#(B)jcfc^-5 in situ 
EI4<i> Fv^X^x-.^?^^ (/5AOPN-202) *?«kWH 

^^ , >x^ir©«f;^jc^ fi j£-rs^*^icw^L. least-* c<t*g 

7"7X; KpjJA/OPNO«I 

^WN^-y— *#-t5lffifL©^^^^^_ pCAGGS (Niwa H. et al. , 
Gene, vol.108, p. 193-200. 1991) «* K) 2 . 3 kb»f fr£ Sal I/Pst 
I BftfcJ: tJ WOtb U, dtt** p-i>$r*c*^- pBluescrlpt 
(Stratagene*t«fcOJtA) © Sal I /Pst I SSffi^j* A U pBsCAG- 2 ^ 
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X^»£»*IT*J 9. in vivo K:fe#S**tt»e?383!*a*:&|::flE 

ii-rS^P^-^-mi l/TffflT*5Ci^bt^5 0 CCD 2. 3kb 

(Brinster R. L. et al. , Proc. Natl Acad. Sci. USA, vol.85, P. 836 — 
10 840) o CCD pBsCAG- 2CDE c oR I l|5&fCl6«jita^T*-5^'i'X^-X 

^X; Kp^A/OPN-l^iHLt®l) 0 -7 ? X 1 iHBj&JWE'vcD 
DNA#AJC«. Cft&|I»*.*e?«HRfl:J: 0 S a 1 I / BamH I 

15 $tc^ Z.<DMmfclZl-i^ DNA^jklfcf), SStffctK DNAUffr 

*¥St^-5^cD»f^^lT*3nfc*<. CCDfcfeKfi Maniatis T. et al 
(Molecular Cloning . A Laboratory Manual, 1982) CD^ift6*jD N ASffl 

DNAy-^xi/^y^iaDiS!*^,, 
20 ^JgM2 fl-Sfc&itg^ (iSA-OPN) ^ XSttSP^oftAROf* 
<D&mV®&mis£VmA$tit: b 5 >X S?- xomw, 
L/T5t»jp*BlfflC C 57 BL/6 NSI&tfB 6 C 3 F 1 St 
v*x (C57BL/6NxC3H/HeN) % D'NA&X*<D9t*tm 

c 3 f im^vxiz&mmm&mmmM*ji'*> (PMso siFkhi 
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l^i:C5 7BL/6 NSIt X <fc|Hl|§ $ itfz 0 SEU B6C3F 

5 te&tfJPJx1ll&CS*n*:Stt9il (flt4*JDlflO *!a]JRb*:o lsl«K$ftA:g 
^ (Whittinghaa D. G. , J. Beprod. Fert. . Suppl. vol.14, p. 7—21. 

1971) ^icagAu mnmmm^msLmm^m^Lfim, dna^a 

t5*TM16^S^*i:t3 7t;> 5% C0 2 , 9 5%££l©miST 
10 T*§#$*lfc 0 ttfttt^ 3 5mmg©-!rX^>^ 3 >#,u^ ^ y 

(suspension culture dish) (No. 171099. Nunctfc) l*9frjgTLfc5 0 
ml Ml 6igg&©3M^*Cg*»§N£^$-tr> ±ffi*«|»^5 7 ^ > 
(white light mineral oil. Fishery «fc (J IRA) T?Jg ^^Tff fc>*l 

is ^ttite^u, _hxe©*ac-ca8aBi>fc^5x5 kp^a/opn-i 
£©±*MKT:*::ftitii©gu ffli±i^n/co mk. y^xs k£*&$si 

-T*fci6K. *ft*->i>AK:J:*Hjl^ Affci*-*** A (ethidium 
bromide) 0»iStF3ffj!ll^, fcfl fiS^tlfc^^i Kli, ft/pg 
Sal I, Not IRtf Sea I fcj; OM^fcSsKfc*^ 0 . 8 %Tifu - 
20 xyjna»lcj:»), §«©^§ieiF (/3A-OPN, &3.7kb) 

#*«*nfco **ttae^ii x ttA«i^at89*= y ^nissa* ( P h 7.2) 

KT*rtLfcfc©*/fl^fc 0 d©**te«e^tt, SEfB (Hogan B. et al. 
. In Manipulating the Mouse Embryo. . Cold Spring Barbor Laboratory 
Press. 1986) l=*l;T v 3*»»?C&A3ftfco WZ, ^«^*TSffi5P 

^TDNA#**»2pl (2. OO.Oabf-) ^^^©SlttMMrt^ 
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sAHfrau §«9P«. cRatv^xt^Kb 
$ -a-, c o ^ *<?>m%i(D9ct%mft#) 1 cm%B&T-?V)m-?z 

0*ft*i:a*a*hTl^:4*«BL/fc. BPt3. coRI, 
B a mH I T5S£K?iHt 1 OmgODN A£0. 8%7#n-xy;l/ 

l^lls ±4 p >7 * yl/^- (GeneScreen Plus. NEN, U.S.A. ) iZ 

Ltz 0 M?" U V-Hf— > 3 (Haniatis T. et al. , 1982) 

15 fitlFK&fe^&Aiilfl^T^ 178® (82%) ©g*90P#&fE&±# L 

*) 3 4 E (19%) ®*ff £*Stb U/Co JStB $ titzMft it, S*£&> 
$«l/T*?l^§BlllILfcia (ICRJI70X) l=«W*tf*: 0 Ctl 
20 ^ogf?©^ 16EEC7.4K) Kfc^T. 9lfidl$ftrt:5fefe# 

m 1 

mma& sabs* = a &n * ** : b : c aeqptiA-r* * : d 

25 (& asses : b/a) (smm ■. c/b) (ae^gAg ; d/a) 

3 217 178 34 16 



(82. 096) 



(1 9. 1%) 



(7.4%) 
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Xv>*^-,* C£AOPN-3 05) £Rfc^T\ t^"Ch7>Xi? 
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J>*^y ? v?*©?5 N tt®»iWMo(D5'fV (£AOPN- 

202. -203. -601. -7 o i) <Dmmmmizb?>xi;->fr 

5 ^T^XKUfeHTHU h 5 >X5>- >4*mRN A©SES&-C& 1. 4 
Kbp©&® /< > KjWKg £*ifco 

/9AOPN-2 0 2Wft h7>^^xiy H.J&±jE1M*-C 

10 FSja^^lCttofco Ctl<a>©-rt7XhU f b-5 

h-5 >7iJ->4*0mRNAISili, ^AOPN- h^>X>?*— „ 
M47^^. -T-<T©F 1 ^^XIC*JI>T. J -if>zfu -j hggtfr&tf 

15 rt-p cRmz. x *)mm\^tz 0 b'?yx ; s±—v>m-?<0 7.&z$m i & 

<D&b?>X>S*-y ? F 1 X©la> Ifli. ffML WIS. 

RummftjiQ. ikRNA&mmotzo /-f>^D y h^#fic« N 20 

nig©£RNA£l. 1 KT#o — x/l. lM*;PA7;Vffc K7*A-ia» 

20 I'-tf-^a >« N /%>r y ij 3> ,j£ ( 5 x S S C ( 1 x S S C = 

0. 1 5M HaCl. 1 5mH Na-citrate, pH7. 4) . 5 0»*/PA7; K„ 
5 oM E D T A „ 5mg/ml©^i4-9->7-DNA x 5xDenhardt tSlil^ 
*4tr) ©«t»-*\ 4 2 t Cirr2NFK?To^o ft^T. 5 f * 

25 cti^^w^y ^>f-if--> 3 >mzm*.* >^4-?v y^v-'s 9 ^ 

Zft^tZo KlSii. 4 2 , Ck:t1 8fci£l;U O.lxssc/ 

0. l%SDStfi. 5 6T\ 2 0^P^r,^o 7-f -8 0°CIZ 
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T2 4 — 7 2mmmmLtz cmm** v x ar - 5 y 4 ju 

i4it7-r> (^AOPN-2 02. 2 03, 60 1, 70 1) &0f& 
5 ^ftm^TFtfrbZ^tt., Z^tztftmisT^ttl^-O (£AOPN 
-3 0 3, 3 0 4. 3 0 7. 4 0 2. 5 0 1. 5 02. 5 0 4, 6 0 2, 

6 0 3. 6 0 4) izttm-?zzt&Tztz 0 zn^ommm^^ >it^ m 
mvtzm&viipsm. >m> &tem&ummmzis^xm^mi><Wiie> 

ti^sf >&MftL^ z.tiz><Dmn$iitz 1 Z> 4 y (/3AOPN-2 02) \z 
h 5 > X - >E&$fe m R N A ©285! !i£ < V&#> £ ft** o tz 0 

15 ^m^rit, 15>X5>xi^FlSl)fF27«>x ()SA0PN- 
2 0 2) i:oi>THIU/: 0 

±EOi5l*«lciDAT. *Bl#RtfJgfft£&*|j8£fJbfco Cft 

#^*Kot>TI*. SI5KWtt»*^7r^— I? (TRAP) Sfefe 

h7>X«; I ;^F27')A (/SAOPN-2 0 2) ©JgfiKfctf* 
^S«a^©^m*0 2^^-r o 0AOPN-2 0 2<Dlii (02 A) T 
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i*. # h-7^xi?x-.y^**©Jgti (12 B) tfc#TT#*: 

fco MOPN-2 0 atD^^tCfe^S^g^^^^ii^ 

<f-C&oA:o Ii:, i8AOPN-2 0 2©^)EI#{COl'»T. TRAPJdfe 

LTt*£ 0 Sot, #*©tta>##RJR©3M6lcJ:* *>©•? 

#J&«o^ii«k* fe©-c*5; <t#^x.£*u #^lB{}&gf*© 

5 in situ «-C^y ^^-tf-vg v&KJ:S |>7^^x-^ 
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